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Geology o f  a Portion  o f  the Eocene Sylvan Pass Volcanic Center, 
Absaroka Range, Wyoming (60 pp.)
D ire c to r :  Donald W. Hyndman
Geologic mapping, th in -s e c t io n  petrography, and whole-rock 
chem istry  were used to  determine the Eocene vo lcan ic  and in t ru s iv e  
h is to ry  o f  a p o r t io n  o f  the Sylvan Pass vo lcan ic  cen te r in  the 
Absaroka Range o f  northwestern Wyoming. The layered vo lcan ic  rocks 
o f  the study area co n s is t  o f  over 600 meters o f  a n d e s it ic  f lows and 
f lo w  breccias which in te r f in g e r  to  the west w ith  h e te ro l i th o lo g ic  
d e b r is - f lo w  breccias and volcanogenic sediments. There is  a p ro ­
gress ive  upward change in  l i th o lo g y  from dominantly pyroxene andésite 
lower in  the p i le  to  dominantly hornblende andésite h igher in  the 
p i le .  The layered sequence is  cu t by numerous dikes o f  hornblende 
andés ite  and a few o f  b i o t i t e  andésite and d a c ite .  A breccia pipe 
con ta in in g  fragments o f  both Precambrian metamorphic rocks and 
Eocene vo lcan ic  rocks cuts the sequence. A small d i o r i t i c  stock 
in tru d e s  the layered sequence, h o rn fe ls in g  and hydrotherm ally  
a l te r in g  the ad jacent rocks. Two episodes o f  fa u l t in g  have a ffe c te d  
the area: one approximate ly contemporaneous w ith  the vo lcan ic  
a c t i v i t y  and one which postdates i t .  The Sylvan Pass rocks d is p la y  
chemical trends which are ty p ic a l  o f  the c a lc -a lk a l in e  rock 
asso c ia tion  and s im i la r  to  trends o f  o the r vo lcan ic  rocks o f  the 
Washburn and Thoroughfare Creek Groups o f  the Absaroka Volcanic 
Supergroup. Overall v a r ia t io n s  in  l i th o lo g y  and th ickness o f  the 
u n i ts  in d ic a te  th a t  du r ing  mid-Eocene time the study area was 
loca ted  on the west f la n k  o f  an a c t ive  vo lcan ic  cen te r. Chemical 
and m inera log ica l v a r ia t io n  o f  the e ru p t ive  rocks from more mafic 
to  less mafic w ith  time may support a poss ib le  comagmatic o r ig in  
o f  the s u i te  from a d i f f e r e n t ia t in g  magma chamber.
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CHAPTER I 
INTRODUCTION
The Absaroka-G a lla t in  vo lcan ic  province is  an extensive b e l t  
o f  Eocene e x tru s ive  and in t ru s iv e  rocks extending from the G a l la t in  
Range in  southwestern Montana southeastward to  the S t r a t i f ie d  P r im i­
t i v e  Area in  Wyoming (F igure 1). This re p o r t  describes the pe tro logy  
and f i e l d  re la t io n s  o f  the Eocene in t ru s iv e  and vo lcan ic  rocks o f  
approx im ate ly  ten square k ilom eters  in  the v i c i n i t y  o f  Sylvan Pass 
in  Yellowstone National Park (F igure 2 ). The study area is  s itu a te d  
in  the v i c i n i t y  o f  one o f  the Eocene vo lcan ic  vents a lleged to  have 
been the source o f  the surrounding vo lcan ic  p i le  (Chadwick, 1970).
The purpose o f  th is  study is  to  determine the Eocene vo lcan ic  and 
in t r u s iv e  h is to ry  o f  the study area, and to  e s ta b l is h  i t s  r e la t io n ­
sh ip  to  the Sylvan Pass vo lcan ic  center and i t s  s im i la r i t i e s  to  o the r 
centers in  the A bsaroka-G alla tin  vo lcan ic  province.
Previous Work
The Sylvan Pass area was f i r s t  s tud ied by Hague, Iddings and 
Weed o f  the U.S. Geological Survey in  the la te  1800's (Hague, and 
o th e rs , 1899). Iddings has provided the most d e ta i le d  e x is t in g  
account o f  the general d is t r ib u t io n  o f  in t r u s iv e  and vo lcan ic  rocks
1
MONTANA
WYOMING
ïv >“?/»//A tr
i  3
YELLOWSTONE
: <  NATIONAL
PARK
S T U O Y
AR£A
m
Thoroughfare 
Creek Group V
4 & h  49.3
S un ligh t Group
Washburn Group
4 0  MILES
60 KILO M ETERS
Figure 1. Generalized geo log ic  map o f  the A bsaroka-G alla tin  vo lcan ic  
province showing the ex ten t o f  the three groups described 
in  the te x t ,  X marks the l o c a l i t y  o f  ra d io m e tr ic a l ly  dated 
e x tru s ive  rocks. I marks the l o c a l i t y  o f  dated in t r u s iv e  
rocks. Ages are in  m i l l io n s  o f  years .
Note th a t  the rocks become younger toward the southeast 
(from Smedes and Prostka , 1972; Love, 1972).
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Figure 2. Location map showing part o f Yellowstone National Park, roads, geographic 
features, and the location o f the area studied in th is  report.
on Avalanche Peak and the surrounding area covered in  the present 
s tudy. No more work was published dea ling  s p e c i f i c a l l y  w ith  the 
Sylvan Pass area u n t i l  1967, a lthough several workers in  the Absarokas 
have re fe rre d  to  i t  in d i r e c t ly  (Parsons, 1958; Chadwick, 1970, 1972; 
Love, 1969). In 1967 Casella reported on some petrography and re ­
connaissance mapping which he had done in  the Sylvan Pass area. In 
1970, Chadwick included the Sylvan Pass area in  h is  paper d e l in e a t in g  
two chem ica lly  d i s t i n c t  su b pa ra lle l no rthw es t-trend ing  b e lts  o f  
Eocene e ru p t iv e  cen ters . Smedes and Prostka (1972), published a 
sec t ion  o f  U.S. Geological Survey Profess ional Paper 729 dea ling  w ith  
the Absaroka vo lcan ics  o f  Yellowstone National Park. The U.S. 
Geological Survey Geologic Map o f  Yellowstone National Park (1972) 
inc ludes the Sylvan Pass area, as w i l l  the Geologic Map o f  the Eagle 
Peak Quadrangle, 1:62,500 (Smedes and Prostka, in  p re p a ra t io n ) .
Regional Geologic Framework 
During the Eocene Epoch two sub pa ra lle l no rthw es t-trend ing  chains 
o f  vo lcan ic  vents erupted huge q u a n t i t ie s  o f  dominantly a n d e s it ic  
to  d a c i t ic  flows and p y ro c la s t ic s  which extended from what is  now 
the G a l la t in  Range in  the northwest to  the S t r a t i f ie d  P r im i t iv e  Area 
in  the southeast. These m a te r ia ls  engulfed an eroded surface o f  mainly 
Precambrian to  Mesozoic metamorphic and sedimentary rocks (Chadwick, 
1970; Smedes and Prostka, 1972). The vo lcan ic  province extends over
20,000 square k ilom ete rs  w ith  a volume o f  over 40,000 cub ic k ilom e te rs .
The area has sustained l i t t l e  deformation since Eocene t im e , but has 
been deeply d issected by f l u v ia l  and g la c ia l  processes (Smedes and 
Prostka, 1972; Brown, 1961).
Smedes and Prostka (1972) named the sequence the Absaroka Vo l­
canic Supergroup and subdivided i t  in to  three groups: Washburn,
S u n lig h t,  and Thoroughfare Creek, from o ld e s t  to  youngest (F igure 3) 
The vo lcan ic  rocks and t h e i r  associated in t ru s iv e  rocks become 
younger toward the southeast, w ith  the o ld e r  Washburn Group being 
best exposed in  the G a l la t in  Range to  the northwest, and the younger 
Thoroughfare Creek Group best exposed in  the southeastern Absaroka 
Range in  Wyoming (Smedes and Prostka, 1972). The d is t r ib u t io n  o f  
these groups is  shown in  Figure 1. The e n t i r e  vo lcan ic  sequence com­
p r ises  over 3400 m o f  s t ra t ig ra p h ie  s e c t io n , a lthough no more than 
1800 m o f  the section  may be seen a t  any one lo c a l i t y  (Smedes and 
Prostka, 1972).
The Washburn Group is  seen on ly  in  the G a l la t in  Range and in  
northern Yellowstone Park. I t  has been dated by the potassium/argon 
method a t  about 49 m.y. o ld  (Smedes and Prostka, 1972). I t  a t ta in s  
th icknesses o f  over 900 meters near vent areas and cons is ts  mainly 
o f  hornblende- and pyroxene-andesite  v o lc a n ic la s t ic  rocks w ith  minor 
ba sa lt  flows and rhyodac ite  ash -f low  t u f f s .  This group comprises 
Hague's Early  Acid Breccia and pa rt  o f  h is Early  Basic Breccia. In 
p laces, the top o f  the Washburn Group is  o v e r la in  by the S un ligh t 
Group w ith  eros iona l unconform ity ; elsewhere the two groups in t e r ­
f in g e r .
t h o r o u g h f a r e
C R E E K  < 
GROUP
44 to  49 m.y. 
o ld .
over 1800 m. 
th ic k
S U N LIG H T  ^  
GROUP
48 m.y. o ld  
up to  2000 m, 
th ic k
WASHBURN \  
G RO UP
49 m.y. o ld  
up to  1000 m. 
th ic k
W I G G I N S
f o r m a t io n
t e p e e  t r a il  
f o r m a t io n
TWO OCEAN 
FO RM ATIO N
LANGFORD
FORMATION
TROUT PEAK  
TRACHYANDESm
W A P I T I
FO R M ATIO N
LAM AR R IV E R  
FO RM A T ION
C A TH E D R A L
C L IF F S
F O R M A T IO N
44.4 -47.1 m.y. o ld 
Coarse b io t i te -h o rn b le n d e -a n d e s ite b recc ias , 
minor flows and volcanogenic sediments.
46.1 -49 .3 m.y. o ld .  Up to  600 m. th ic k  
F ine -g ra ined , green to  brown, a sh -r ich  
volcanogenic sediments.
47.9 -48.5 m.y. o ld .  Over 600 m. th ic k  
Massive, r e s is ta n t ,  m a fic , a l lu v ia l  
volcanogenic m a te r ia l .
48 m.y. o ld .  Up to 600 m th ic k .  
L ig h t-co lo re d  volcanogenic sediments 
and dark a n d e s it ic  vo lcan ic  b recc ia .
Dark pyroxene-trachyandesite  flows and 
f low  breccias w ith  some po tass ic  basa lts
Dacite to  trachy andésite  vo lcan ic  
breccias and volcanogenic sediments
Dark a n d e s it ic  f lo w  brecc ia  and volcanogenic 
sediments w ith  minor mafic f low s .
L ig h t  co lored v o lc a n ic la s t ic  rocks: 
f in e -g ra in e d  a l lu v ia l  fa c ie s  volcanogenic 
sediments.
F igure 3. Generalized s t ra t ig ra p h ie  sequence o f  the Absaroka Volcanic 
Supergroup in  eastern Yellowstone National Park.
The S un ligh t Group o f  Early  to  Middle Eocene age (about 48 m.y. 
o ld )  cons is ts  o f  dark pyroxene andésite flows and f low  breccias w ith  
some po tass ic  basa lts  in i t s  easternmost e x te n t.  The two most 
prominent u n its  are the Wapiti Formation (p a r t  o f  Hague's Early  Basic 
Breccia) and the Trout Peak Trachyandesite (Hague's Early  Basalt 
Flows). These two form ations a t ta in  a t o ta l  th ickness o f  as much as 
1800 m ju s t  east o f  Yellowstone National Park along S tate Highway 16, 
(Nelson and P ie rce , 1968). The Wapiti Formation cons is ts  o f  d a c ite  
to  trachyandes ite vo lcan ic  b re cc ia s , volcanogenic sediments, and lava 
f low s. The fa c ie s  vary l a t e r a l l y  as a fu n c t io n  o f  topography and 
d is tance  from the vent. The r e la t iv e  p ro po rt ion  o f  vent fac ie s  brecc ia  
to a l lu v ia l  fac ie s  sediment increases upward in the Wapiti Formation. 
The o ve r ly in g  Trout Peak Formation cons is ts  p r im a r i ly  o f  t ra ch y ­
andesi te  lava flows w ith  minor in te rc a la te d  v o lc a n ic la s t ic  rocks 
(Nelson and P ie rce , 1968),
The Thoroughfare Creek Group o v e r l ie s  and in te r f in g e rs  w ith  the 
S u n ligh t Group. From bottom to  top i t  con s is ts  o f  the fo l lo w in g  f o r ­
mations: Langford, Two Ocean, Tepee T r a i l ,  and Wiggins, ranging in
age from middle to  la te  Eocene (48 to  45 m.y. o ld ) .  These u n its  are 
best exposed in  the rugged peaks o f  southeastern Yellowstone National 
Park and the southeastern Absaroka Range (Smedes and Prostka, 1972; 
Love, 1939; W ilson, 1963, 1964).
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The Langford Formation is  a sequence o f  up to 600 m o f  dominantly 
l ig h t - c o lo re d  volcanogenic sediments and somewhat darker vo lcan ic  
brecc ias w ith  minor f low s . These comprise the Late Acid and Late Basic 
Breccias o f  Hague. Near Cathedral Peak, the Langford is  dominantly 
a l lu v ia l  w i th  the p ro po rt ion  o f  vent fa c ie s  m a te r ia l inc reas ing  south­
ward toward Sylvan Pass and Eagle Peak, two poss ib le  Eocene vent areas. 
L i th o lo g ie s  o f  the Langford Formation are w e ll-rep resen ted  in  the 
study area o f  t h is  re p o r t .
The Two Ocean Formation unconformably o v e r l ie s  the Langford and 
is  very s im i la r  to  i t  in  com position, co n s is t in g  mainly o f  a l lu v ia l  
volcanogenic m ate ria l w ith  minor vent fa c ie s  breccias which increase 
t h e i r  p ro po rt ion  southward. The Two Ocean Formation i s ,  however, more 
m a fic ,  massive, and r e s is ta n t ,  form ing prominent c l i f f s .
The Tepee T ra i l  Formation unconformably o v e r l ie s  the Two Ocean 
and con s is ts  o f  green to  brown f in e -g ra in e d  a s h -r ic h  volcanogenic 
sediments. I t  occurs south and east o f  the Park in  sequences up to  
600 m th ic k .  I t s  age ranges from middle to  la te  Eocene, the younger 
age based upon p a le o n to lo g ica l data from i t s  easternmost occurrence.
The Wiggins Formation unconformably o v e r l ie s  the Tepee T r a i l ,  
form ing the prominent v e r t ic a l  c l i f f s  which top many o f  the ridges 
in  the southernmost Abasaroka Range. I t  is  composed o f  coarse­
grained b io t i te -h o rn b le n d e  andésite  breccias and minor f lows (Hague's 
Late Basa lt Sheets), and volcanogenic sediments. I t  is  the youngest
u n i t  in  the Absaroka Volcanic Supergroup and has been age-dated a t 
45 to  47 m.y. o ld ,  p lac ing  i t  in  the middle to  la te  Eocene.
The area stud ied in  th is  re p o r t  cons is ts  o f  approximate ly ten 
square k ilom ete rs  near Sylvan Pass along the East Entrance Road o f  
Yellowstone Park. The area is  bounded by Avalanche Peak to  the e a s t.  
Cub Creek to  the no rth  and west, and Clear Creek to  the south 
(F igures 2, 4 ) .  Geologic mapping o f  the area was done on an enlarged 
topographic base du ring  the summer o f  1976. The f i e l d  mapping was 
done on a scale o f  1:6000; the map in  Figure 4 has been reduced from 
the f i e l d  map to  a scale o f  1:18,000.
The Eocene vo lcan ic  rocks in  the study area belong to  the Langford 
Formation o f  the Thoroughfare Creek Group o f  the Absaroka Volcanic 
Supergroup described above. In the study area, the Langford For­
mation cons is ts  o f  dominantly l ig h t - c o lo re d  vent fac ie s  and a l lu v ia l  
fa c ie s  m ate ria l associated w ith  the Sylvan Pass vo lcan ic  cen te r.
The major l i th o lo g ie s  occu rr ing  in  the area are a n d e s it ic  f lo w s , 
f lo w  b recc ias , debris  f low  m a te r ia l ,  volcanogenic sediments, re la te d  
d ike s , and small in t ru s iv e  bodies.
CHAPTER I I  
LOCAL GEOLOGY
Layered Volcanic Rocks
Basal Sequence
The lowermost s t ra t ig ra p h ie  u n i t  exposed in  the area cons is ts  
o f  a sequence o f  a n d e s it ic  flows and f lo w  breccias re fe rre d  to  below 
as the basal sequence. I t  is  best exposed on the lower southwestern 
slopes o f  Avalanche Peak and on Elk Ridge (F igures 4a ,4b). The 
base o f  the sequence is  not exposed, but on Avalanche Peak the ex­
posed th ickness is  about 270 meters, th in n in g  to  less than 10 meters 
to  the west, where i t  in te r f in g e rs  w ith  debris  f lo w  m a te r ia l .  The 
flows co n s is t  o f  reddish to  greenish grey p o rp h y r i t ic  a u g ite -  
hornblende andésites w ith  brecc ia ted  tops and bottoms. Zoned p la g io ­
c lase la th s  (P la te  1) 1 to  2 mm in  leng th  and o f  composition Ang2 
to  An^i are abundant and de fine  a moderate p re fe rred  o r ie n ta t io n .  
Small aug ite  phenocrysts and glomerophenocrysts are common and are 
c h a r a c te r is t i c a l ly  rimmed w ith  hornblende. Small euhedral to  sub- 
hedral phenocrysts o f  brown hornblende are common and rims o f  f in e  
opaque iro n  oxides are common. These phenocrysts occur in  a very 
f in e -g ra in e d  to  glassy groundmass r ic h  in  disseminated opaques and 
t i n y  p lag io c lase  m ic ro l i te s .
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In d iv id u a l flows w i th in  the sequence average 15 to  20 meters in  
th ickn ess . In some f lo w s , b re cc ia t io n  p e rs is ts  throughout the f lo w ; 
the fragments are m ono litho log ic  in  a f lo w - fo l ia te d  m a tr ix  o f  the 
same l i t h o lo g y  (P la te  2 ). These breccias are id e n t ic a l  in  composition 
to  the unbrecciated f lo w s , and are thought to  be the products o f  auto- 
b re c c ia t io n  o f  the m ate ria l during ex tru s ion  and f low .
From 25 to  50 meters below the upper surface o f  t h is  sequence 
o f  f lows and f lo w  b recc ias , there  are three th in ,  1 to  2 m e te r- th ick ,  
d iscon tinuous but very d is t in c t i v e  flows o f  dense black hypersthene 
andés ite , separated from each o the r by a few meters o f  f lo w  brecc ia . 
These dark flows co n s is t  o f  about 65 percent f in e  groundmass r ic h  
in  p la g io c lase  m ic r o l i t e s ,  f in e  m agnetite , t in y  pyroxene gra ins and 
some g lass. Set in  th is  groundmass are 20 percent p lag ioc lase  
phenocrysts, An^y to  An^g, and about 1 mm in  leng th . Normal com­
p o s i t io n a l  zoning is  common, and the p lag ioc lase  is  somewhat a lte re d  
to  f in e  s e r i c i t e  and carbonate. About 15 percent small aug ite  and 
hypersthene phenocrysts occur in  subequal amounts, in some cases as 
glomerophenocrysts (P la te  3). O r ig in a l phenocrysts o f  brown horn­
blende have been replaced by pseudomorphs o f  f in e  opaque iro n  oxides. 
Hypersthene is  moderately p leochro ic  and is  p a r t i a l l y  replaced by 
c h lo r i t e  and a c t in o l i t e .  These mafic hypersthene andésite flows are 
usefu l in  c o r re la t in g  vo lcan ic  u n its  across fa u l t s  and areas o f  poor 
exposure.
Plate 1. Photomicrograph o f o s c i l la to ry  
zoned plagioclase la th  (X -n ico ls ).
Plate 3. Photomicrograph o f hypersthene 
andésite flow.
Plate 2. Photomicrograph o f monolitho­
log ic  flow breccia.
-  V APPROX. 5 METER S F
Plate 4. Roadcut o f well-bedded volcano­
genic conglomerate and sandstone.
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Debris-Flow Sequence
A sequence composed mainly o f  massive d e b r is - f lo w  deposits  over­
l i e s  and l o c a l l y  i n te r f i n g e r s  w i th  the basal sequence; i t  i s  re fe r red  
to  below as the d e b r i s - f lo w  sequence (Figures 4, 5) .  This sequence 
var ies  in  th ickness from about 75 meters on Avalanche Peak to  over 
300 meters on Elk Ridge in the western pa r t  o f  the area stud ied. I n ­
d iv id u a l  layers  w i th in  the sequence are very d iscontinuous and were 
probably c o n t ro l le d  by loca l  topography a t  the t ime o f  t h e i r  depo­
s i t i o n .  The debr is  f low  deposits  are t y p i c a l l y  massive, unsorted, 
near ly  h o r izo n ta l  layers  o f  h e t e r o l i t h o lo g i c , angular to  subrounded 
vo lcan ic  fragments ranging in  s ize  from several meters across to  
very f i n e  p a r t i c le s .  Most commonly the fragments v i s i b le  in hand 
specimen are from 1 mm to  5 cm in  diameter.  The la rg e r  breccia f r a g ­
ments normal ly  do not touch, but are supported by the m atr ix  o f  f i n e r  
fragmental m a te r ia l .  The debr is  f low  deposits  vary in  handspecimen 
c o lo r  from dark reddish brown to  l i g h t  greenish grey. The fragments 
are composed o f  d ive rse  l i t h o lo g ie s  o f  non-ves icu la r  pyroxene andésite 
and hornblende andés i te ,  volcanogenic sediments and o the r  brecc ias.  
In d iv id u a l  f lows average about 15 meters in  th ickness.
In several areas the debr is  f low  u n i t s  grade upward in to  a 
conglomerat ic  brecc ia con ta in ing  a sub s tan t ia l  percentage o f  w e l l -  
rounded boulders and cobbles. In one l o c a l i t y  on the r idge west o f  
Avalanche Peak, seven consecutive sequences o f  t h i s  breccia grading
16
)■
•-TCT
y V 4 k f > A >
_
4 T , j, f.
A 4
4 4 T 4 r
V 4 V
m  
& à 4 4 A 44 V
A 4 A
4 V 
■» > ,
"4 t  
4 4 >T V
A 4
r  V,
4 A A W 4 ^
4 A»
4 <
4 A V
4 4 4
A 4
4 V
r<:
^n44 4“4-4.̂ 4 4 4 4 4 4 4 -̂ 'ZS'ïâ-Â  
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SEQUENCE
Dominantly hornblende-andesite 
f lows and f low -b recc ias  w i th  minor 
aug i te -andes i te  f lows and f low -brecc ias
d e b r i s - f l o w
SEQUENCE
Massive h e te r o l i t h o lo g ic  breccia 
l o c a l l y  grading upward in to  conglomeratic  
breccia and volcanogenic sediments.
B A S A L  
SEQUENCE
Dominantly aug i te -andes i te f lows and 
f low -b recc ias  w i th  minor t h in  mafic 
hypersthene-andesite f lows
H YPERSTHENE  
ANDESITE FLOW
Figure 5. Generalized stratin*-anh-i
among the u n i ts  in  th Ï  sec t ion  showing in te r r e la t io n s h ip s
' tne study area.
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upward in to  conglomerate can be d is t in g u is h e d ,  each sequence being 
from 15 to 30 meters t h ic k  (F igure 4 ) .  Fragments o f  p e t r i f i e d  charred 
wood occur w i th in  the breccias o f  these layers .
At the western end o f  Elk Ridge, the h e te r o l i t h o lo g ic  d e b r is -  
f low  brecc ia  c h a r a c t e r i s t i c a l l y  grades upward in to  the in te r f in g e r s  
w i th  t h in  layers  o f  water-deposited volcanogenic sandstone and s i l t -  
stone. About 4 km fa r t h e r  west, roadcuts expose th ic k e r  layers o f  
wel l-bedded, in te r la y e re d  volcanogenic sandstone, s i l t s t o n e  and con­
glomerate con ta in ing  abundant fragments o f  p e t r i f i e d  uncharred wood 
(P la te 4) .
Near the top o f  t h i s  sequence o f  d e b r is - f lo w  mater ia l  and volcano 
genic sediments, is  a th in  black hypersthene-andesite  f lo w  id e n t i c a l  
in l i t h o l o g y  to  those described above, near the top o f  the basal 
sequence (Figures 4, 5).
Upper Sequence
On Avalanche Peak and on the h igher parts  o f  Elk Ridge, the 
d e b r i s - f lo w  sequence i n te r f i n g e r s  w i th  a westward-th inning sequence 
o f  redd ish-co lo red  flows and f low  breccias re fe r red  to  as the upper 
sequence. This sequence ranges in th ickness from 200 meters on 
Avalanche Peak to  less than 10 meters on Elk Ridge. The top o f  the 
sequence is  no t ,  however, exposed, and upper po r t ions  o f  the sequence 
have probably been eroded away. The f low  u n i ts  are redd ish-grey  and 
co n s is t  o f  m ono l i tho log ic  subrounded fragments w i th in  a f l o w - f o l i a t e d
18
m atr ix  o f  the same l i t h o lo g y .  The f low  rock conta ins small p lag io -  
c lase phenocrysts 2 to 3 mm long as well  as f in e  opaque i ro n  oxides 
forming pseudomorphs a f t e r  hornblende. Some fragments are glassy and 
con ta in  fewer phenocrysts; these fragments may represent pieces o f  
the c h i l l e d  margin o f  the f low  which were incorporated in to  i t  
dur ing f low  and au tob re cc ia t io n .
The d e b r is - f lo w  mater ia l  described above continues to  i n t e r ­
f i n g e r  w i th  t h i s  upper sequence at h igher le ve ls  on Avalanche Peak, 
where the h e te r o l i t h o lo g ic  breccia forms a south-d ipp ing wedge-shaped 
la y e r .  W ith in  t h i s  debr is  f low  la y e r ,  is  a r e s t r i c t e d  lens o f  dark 
red to  grey water-deposited volcanogenic sandstone and s i l t s t o n e .  
Several sequences o f  graded beds occur w i th in  t h is  lens along w i th  
o the r  sedimentary s t ru c tu re s  such as load casts and flame s t ru c tu re  
(P la te  5).
Above the wedge o f  d e b r is - f lo w  m a te r ia l ,  the f low  and f low -b re cc ia  
sequence changes co lo r  to  a l i g h t  greenish-grey p o rp h y r i t i c  hornblende 
andés ite .  Near i t s  base where i t  o v e r l ie s  the debr is  f low ,  the f r a g ­
ments are more d iverse  in  l i t h o l o g y  than the t y p ic a l  mono l i tho log ic  
f low  brecc ia .  This is  probably a t t r i b u t a b le  to  inco rpora t ion  o f  some 
fragments o f  the under ly ing  rocks by the lava as i t  f lowed over the 
sur face.
Plate 5. Graded beds of volcano­
genic sandstone and silts tone on 
Avalanche Peak.
Plate 6. Photomicrograph of breccia pipe 
matrix and fragment o f garnet gneiss.
VD
Plate 7. Photomicrograph of breccia pipe 
matrix and fragment of amphibolite.
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Breccia Pipe
A p ip e - l i k e  body o f  h e te r o l i t h o lo g ic  breccia about 15 meters in 
diameter cuts across the layered vo lcan ic  rocks on Elk Ridge, west 
o f  Avalanche Peak (Figures 4a, 4b). The breccia contains unsorted 
subrounded fragments o f  metamorphic basement rocks s im i la r  to  Pre- 
cambrian rocks exposed a t  the surface in  the northern f r in g e  o f  
Yellowstone National Park and in  the Beartooth block to  the nor th .
Up to  30 percent o f  the fragments cons is t  o f  am ph ibo l i te ,  q u a r t z i t e ,  
garnet gneiss, along w i th  mica-quartz sch is ts  and gneisses (Plates 
6 , 7).  The m atr ix  cons is ts  o f  comminuted fragmental m a t e r i a l , and 
the selvages o f  fragments show i n s i g n i f i c a n t  reac t ion  w i th  the matr ix  
m a t e r i a l .
In t ru s iv e  Rocks
Pi kes
In t r u s i v e  in to  the vo lcan ic  sequence are a number o f  dikes and 
i r re g u la r ly -sh a p e d  p o r p h y r i t i c  bodies ranging in width from less than 
a meter to  more than ten meters. Most appear to  have been v e r t i c a l l y  
emplaced and some have been in truded along f a u l t s .  There i s  no s ing le  
dominant d ike  o r i e n ta t i o n ,  although N 70° to 80° E and N 40° to  60° W 
are prominent d i r e c t io n s .  The dikes do not e x h ib i t  any c le a r l y  def ined 
ra d ia l  o r  concen tr ic  pa t te rn  w i th in  the study area. A l l  dikes observed 
cu t  across the layered vo lcan ic  rocks;  a t  no place do the dikes appear 
to  be capped by l a t e r  f lows.
21
Hornblende-andesite d ik e s . Most o f  the dikes are p o rp h y r i t i c  
hornblende andésites con ta in ing  20 to 65 percent phenocrysts. 
P lag ioc lase is  by f a r  the most abundant phenocryst m a te r ia l ;  i t  
comprises 5 to  50 percent o f  the d ike rocks as small phenocrysts, 
commonly 0.5 to  2.0  mm in leng th .  Normal and o s c i l l a t o r y  zoning is  
common, as is  Carlsbad and A lb i t e  tw inn ing .  P lagioc lase also occurs 
as t i n y  m ic r o l i t e s  in  the f ine -g ra in e d  to  glassy groundmass o f  most 
o f  the d ike  rocks. The composit ion o f  p lag ioc lase as determined by 
f l a t - s t a g e  o p t ic a l  methods (J_x, YAOlO) ranges from An^^ to An^^, 
averaging An^g- P lag ioc lase is  genera l ly  resorbed and p a r t i a l l y  
a l te re d  to  a f in e -g ra in e d  mix ture  o f  carbonate, s e r i c i t e  and ep ido te -  
group m inera ls .
Hornblende, in the form o f  sm a l l ,  0.2 to  5 mm subhedral to 
euhedral phenocrysts, comprises up to  20 percent o f  most o f  the dike 
rocks. Brown hornblende is  more common than is  green hornblende, and 
many gra ins are zoned from brown cores to  green rims (P la te  8 ).
Fine opaque i ro n  oxides form rims o f  vary ing th ickness on the horn­
blende gra ins o f  a few o f  the d ike rocks. In some cases the o r ig in a l  
hornblende is  complete ly ox id ized  leav ing  on ly  the pseudomorph 
o f  f i n e  opaques. Most o f  the hornblende gra ins e x h ib i t  reso rp t ion  
tex tu res  in  which parts  o f  both the phenocryst and the ox id ized r im 
are embayed and/or replaced by c h l o r i t e ,  a c t i n o l i t e ,  c a l c i t e ,  opaques 
and r a r e l y  b i o t i t e .  Glomerophenocrysts o f  hornblende, w i th  or w i thou t  
p lag ioc lase  la th s ,  are common in many o f  the d ike  rocks (P la te  9) .
0.5 MM
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Plate 8. Photomicrograph of zoned horn­
blende phenocryst with rim of opaque oxides
Plate 10. Photomicrograph showing horn­
blende with th ick oxidized rim and augite 
without th ick oxidized rim.
Plate 9. Photomicrograph of hornblende 
glomerophenocryst.
$
/ MM
Plate 11. Photomicrograph of pseudomorph 
of serpentine, ch lo rite , and magnetite 
a fte r o liv ine . Small hypersthene grains 
rim the pseudomorph.
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Augite is  less common and less abundant in  the dikes than i s  
hornblende. I t  occurs in some o f  the d ike rocks as small subhedral 
subrounded phenocrysts and glomerophenocrysts. I t  may comprise as 
much as 5 percent o f  a given sample, but more commonly averages about 
1 percent.  The gra ins range from 0.2 to  2.0 mm in d iameter,  and are 
in  many cases pseudomorphed by f in e -g ra in e d  a c t i n o l i t e ,  c a l c i t e ,  
and ep idote .  Unl ike some o f  the hornblende phenocrysts, the augite  
gra ins  do not gene ra l ly  d isp la y  rims o f  i ron  oxide (P la te 10).
Quartz is  commonly present in the d ike rocks as small (<lmm) 
gra in  fragments which genera l ly  show undulose e x t in c t io n  and are 
l o c a l l y  cracked. These gra ins are genera l ly  much la rg e r  than the 
groundmass g ra in s ,  and may be xenocrysts picked up by the magma 
from host rocks.
What appear to be pseudomorphs a f t e r  phenocrysts o f  o l i v i n e  
are seen in a few o f  the d ike  rocks. These cons is t  o f  serpent ine ,  
c h l o r i t e ,  and magnet i te ,  forming pseudomorphs which are rimmed w i th  
small gra ins o f  aug i te  or hypersthene (P la te  11).
P a ra l le l is m  o f  p lag ioc lase  and hornblende phenocrysts def ines 
a f low  te x tu re  in some o f  the d ikes .  This i s  most apparent near the 
margins o f  some o f  the la rg e r  d ikes ,  where some composit ional f low 
d i f f e r e n t i a t i o n  w i th in  the groundmass o f  the rock is  v i s i b l e  as 
s treaks or  bands o f  vary ing composit ion and phenocryst content.
••  ̂ tL ' ''\'"r%Nk.^:
Plate 12. Photomicrograph of b io tite -  
andesite dike.
0.5 MM
Plate 14. Photomicrograph of ac tino lite  
replacing augite.
Plate 13. Photomicrograph of d io rite  
in trusive.
Plate 15. Photomicrograph of brown 
hornblende p a rtia lly  rimmed by a c tino lite  
and magnetite.
no-p*
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B i o t i te -a n d e s i te d ik e s . A few o f  the dikes which in t rude  the 
vo lcan ic  p i l e  in t h i s  area are composed o f  b io t i t e - a n d e s i te .  The 
major d i f fe re n c e  between these dikes and the hornblende-andesite 
d ikes is  t h a t  the former con ta in  up to  5 percent subhedral rounded 
phenocrysts o f  b i o t i t e  (P la te  12). The hornblende in these dike 
rocks is  t y p i c a l l y  s t ro n g ly  resorbed or complete ly  a l te re d  to  
pseudomorphs o f  c h l o r i t e ,  carbonate, magnet i te,  and l o c a l l y  epidote 
and b i o t i t e .  These d ike  rocks conta in  no aug i te .  Apart from the 
presence o f  b i o t i t e ,  the absence o f  a u g i te ,  and the strong a l t e r a t i o n  
o f  hornblende, these dikes are s im i la r  in  tex tu re  and mineralogy to  
the hornblende-andesite  dikes described above.
Chemically ,  the on ly  notab le d i s t i n c t i o n  between the two types 
o f  d ike  rocks is  t h a t  the b i o t i t e  andésites have somewhat g rea te r  
average s i l i c a  content (62 wt percent) than do the hornblende andésites 
(60 wt pe rcen t) .  The b i o t i t e  andésite dikes a l l  t rend NŜ W to  N 25°W. 
They appear to  have been emplaced la te  in  the Eocene vo lcan ic  h is to ry  
o f  the area, as they c o n s is te n t ly  cu t  across f a u l t s  and across horn­
blende-andesi te  d ikes .
Dacite d i k e . One da c i te  d ike (70.3 percent SiOg) was found to  
c rosscu t  the vo lcan ic  p i l e ,  fo l lo w in g  a n o r the as t - t re nd ing  f a u l t .  I t  
i s  d iscont inuous and i t s  exact t ime o f  emplacement r e l a t i v e  to  o ther 
d ikes is  un ce r ta in ,  although i t  does cu t  across some o f  the hornblende- 
andesi te d ikes .  The rock is  s t ro n g ly  ox id ized and the hornblende is  
ne a r ly  gone except f o r  the ox id ized r im o f  f i n e  opaques. Small b i o t i t e
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phenocrysts are p a r t i a l l y  replaced by c h l o r i t e .  The rock has abundant 
0.5 to 2.0 mm p lag ioc lase  phenocrysts which contain magnetite in c lu s io n s ,  
in  c o n t ra s t  to  most o f  the p lag ioc lases in  o ther  d ike rocks which are 
m agne t i te - f ree .
D io r i  te
Also in t r u s i v e  in to  the vo lcan ic  sequence i s  a small s to c k - l i k e  
body o f  d i o r i t e  to  quartz  d i o r i t e  a t  the western end o f  Elk Ridge 
(Figures 4a, 4b). I t s  exposed dimensions are approximately 600 meters 
N-S by 1500 meters E-W. I t  is  cu t  by a no r thwest- t rend ing  f a u l t  near 
i t s  western end, and i t s  easternmost exposure is  terminated by another 
no r thw es t- t rend ing  f a u l t .  I t s  northern and western boundaries are 
in t r u s i v e  in to  hornfe lsed vo lcan ic  breccias and volcanogenic sed i ­
ments. To the south i t  i s  o v e r la in  by Quaternary Lava Creek T u f f  
and by the a l l u v i a l  deposits  o f  Clear Creek.
The in t r u s iv e  rocks are p h a n e r i t i c  medium- to  f ine -g ra in e d  d i o r i t e s  
and quartz  d i o r i t e s  which to  the northwest grade in to  a more porphy­
r i t i c  andés i te .  In the f i e l d ,  the d i o r i t e  is  d is t ingu ished  from the 
d ike  rocks by i t s  coarser g ra in  s ize and by i t s  general lack o f  
prominent phenocrysts. The p o r p h y r i t i c  phase, however, is  i n d i s ­
t in g u ish a b le  from the d ike  rocks. Rounded weathered outcrops are 
common in  the coarser-gra ined d i o r i t e ,  whereas b locky ,  s t ro n g ly  jo in te d  
outcrops are common w i th  the f in e r -g ra in e d  d i o r i t e .  Fracture su r ­
faces weather to  a ru s ty  brown c o lo r .
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Modal percentages o f  minerals in the in t r u s iv e  body are pre­
sented in Table 1, and are p lo t te d  on a quartz - a l k a l i  fe ldspa r  - 
p lag ioc lase  diagram in Figure 6 . Most o f  the rocks f a l l  in to  the 
d i o r i t e  or quartz  d i o r i t e  f i e l d s  w i th  minor s c a t te r  in to  the mon- 
z o d io r i t e  and quartz  monzodior ite f i e l d s  (as de l ineated by Strecke isen, 
1967).
These i n t r u s i v e  rocks are a l l  charac te r ized by an abundance o f  
subhedral la ths  o f  p lag ioc lase  (P la te 13) which comprise 46 to 68 
percent o f  the rock ,  averaging about 62 percent. Many grains e x h ib i t  
normal o r  o s c i l l a t o r y  zoning as wel l  as tw inn ing according to the 
A lb i t e ,  Carlsbad, and P e r ic l in e  laws. The p lag ioc lase  composit ion 
ranges from andesine (Angg) to  la b ra d o r i te  (An^g) w i th  an average 
composit ion o f  An^g. The presence and type o f  composit ional zoning 
o f  the p lag ioc lase  is  va r ia b le  even among the gra ins o f  a s ing le  
sample. Resorbed margins are common and a l t e r a t i o n  o f  c a lc ic  zones 
to z o i s i t e  and c a l c i t e  is  common.
Augite comprises up to  18 percent o f  the d i o r i t e  as s m a l l ,1 to  
3 mm,subhedral gra ins and clumps o f  gra ins i n t e r s t i t i a l  to  the la rg e r  
p lag ioc lase  la th s .  I t  i s  o f ten  embayed and p a r t i a l l y  to  whol ly  r e ­
placed by f ib ro u s  l i g h t  green amphibole, carbonate, and in some cases, 
c h l o r i t e  and epidote (P la te  14). Hypersthene occurs very r a re ly  in  
the d i o r i t e  as small gra ins inc luded w i th  aug i te  in glomeropheno­
c r y s ts .  I t  is  moderately p leochro ic  pale p ink and beige. In many 
cases i t  i s  rimmed by aug i te .
Table 1. Modal percentages o f  minerals in 16 samples of a d io r i te  in t rus ive  near Sylvan Pass. 
Data are based on point counts of approximately 1500 counts per th in  section.
• EPR-
104
EPR-
43
EPR-
44
EPR-
98
EPR-
101
EPR-
102
EPR-
113
EPR-
127
EPR-
150
EPR-
287
EPR-
289
EPR-
295
EPR-
298
EPR-
301
EPR.
304
EPR-
130
Plagioclase 63.9 70.4 66.1 46.1 66.1 67.7 63.0 61.2 58.7 66.1 65.7 63.4 62.7 50.3 61.7 65.3
Augite 7.5 6.1 5.6 18.1 0.0 9.3 5.6 0.2 18.3 0.0 4.2 3.2 5.8 7.9 7.6 0.0
Hornblende
+
A c t in o l i te 16.4 15.3 6.2 18.9 13.5 6.2 15.7 16.1 1.1 15.0 13.5 18.0 6.8 7.4 8.3 12.2
B io t i te 0.0 1.7 1.0 5.5 1.5 0.5 2.2 0.3 4.5 4.5 0.9 0.5 0.9 1.1 5.4 8.2
Chlorite 2.4 1.4 2.3 4.0 5.2 1.4 0.5 3.4 6.5 0.4 0.4 4.2 5.8 5.1 0.4 0.2
Epidote 0.8 0.0 0.6 1.2 1.9 0.3 0.3 0.6 1.7 0.1 0.0 1.0 0.8 0.1 0.3 0.0
Quartz 3.0 0.9 4.1 0.3 5.9 8.6 2.4 10.0 0.3 5.5 4.5 2.2 7.8 9.2 5.9 12.4
Calc ite 0.0 0.0 0.2 0.1 0.9 0.0 0.0 0.8 0.6 0.0 0.0 0.3 0.0 1.2 0.1 0.0
Magnetite 2.7 3.5 4.1 4.9 1.0 2.5 2.9 3.5 3.1 2.6 2.5 4.6 3.7 6.0 4.8 0.2
Apat ite 0.5 0.1 0.8 0.9 0.5 0.3 0.3 0.1 0.0 0.4 0.3 0.2 0.9 0.6 0.5 0.5
K-Feldspar 2.8 0.8 6.0 0.2 3.4 5.3 7.0 4.0 5.3 5.5 8.2 2.4 4.8 8.9 4.9 0.9
Unident i f ied
A l te ra t io n
Products 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0
Total 100.0 100.2 100.0 100.2 99.9 100.1 99.9 100.2 100.0 100.1 100.2 100.0 100.0 100.0 99.9 99.9 ro
00
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A = A L K A L I  F E L D S P A R
P  = P L A G I O C L A S E
Figure 6. Q - A -  P diagram (a fte r  Streckeisen, 1967) showing 
modal compositions o f 16 samples o f the d io r i t ic  
in tru s ive  in the western part o f the study area.
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Brown hornblende is  common, e s p e c ia l ly  as ragged, subhedral,  1 
to  5 mm phenocrysts in p o r p h y r i t i c  d i o r i t e .  I t  also occurs as smaller 
g ra ins  in  the equ ig ranu la r  d i o r i t e  where i t  comprises up to  15 per­
cent o f  the rock. I t  i s  gene ra l ly  s t ro n g ly  resorbed w i th  reac t ion  
rims o f  f in e -g ra in e d  a c t i n o l i t e ,  c h l o r i t e ,  carbonate, ep ido te ,  
b i o t i t e ,  opaques, and a p a t i t e  (P la te  15). A c t i n o l i t e  is  i t s  most 
common a l t e r a t i o n  product,  and in  many rocks has e n t i r e l y  replaced 
the phenocrysts o f  brown hornblende.
B i o t i t e  averages about 2.5 percent o f  the d i o r i t e ,  where i t  
most commonly occurs in  in te rgrow ths  w i th  o ther  a l t e r a t io n  products 
a f t e r  hornblende or aug i te .  Rarely i t  occurs as la rg e ,  ragged, dark 
red-brown la ths  p o i k i l i t i c a l l y  enclos ing gra ins o f  p lag ioc lase ,  
aug i te  and magnetite.
Quartz and potassium fe ld spa r  are present in small q u a n t i t ie s  
as anhedral in te rg row ths  i n t e r s t i t i a l  to  pyroxene and p lag ioc lase .  
Quartz and potassium fe ld sp a r  are subequal in amount, t o t a l i n g  1 to 
18 percent o f  the d i o r i t e .  Most samples conta in 3 to  5 percent o f  
each o f  these m inera ls .  The potassium fe ldspa r  in these rocks is  
san id ine .
A p a t i te  and magnetite are common accessories l i b e r a l l y  d i s ­
seminated throughout the d i o r i t e .  Magneti te a lso occurs as an a l ­
t e r a t i o n  product o f  hornblende and aug i te .
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A l te ra t io n
Volcanic rocks . The s t ronges t  a l t e r a t io n  o f  the vo lcan ic  rocks 
appears to  be associated w i th  the d i o r i t e  in t r u s iv e  body in  the 
western p a r t  o f  the study area. I n te n s i t y  o f  the a l t e r a t i o n  decreases 
zo n a l ly  away from the contacts o f  the in t r u s i v e .  In the zone im­
media te ly  adjacent to  the in t r u s i v e  body, the vo lcan ic  breccias and 
volcanogenic sediments are blackened and indurated;  o r ig in a l  ou t ­
l in e s  o f  brecc ia  fragments are obscured and in  many cases are v i s i b le  
on ly  on a sawed, po l ished surface o f  the rock. The f i n e r  sediments 
are blackened and c l i n k e r y ,  resembling a f in e  fea tu re less  ho rn fe ls ,  
al though some sedimentary s t ru c tu re s  such as f in e  graded beds are 
s t i l l  v i s i b l e  in a few cases. In th in  sect ion the o r i g in a l  mineralogy 
o f  these rocks is  inde te rm ina te ;  however, secondary a l b i t i c  p la g io ­
c lase is  present as we l l  as carbonate, opaques, epidote group m inera ls ,  
and z e o l i te s  (? ) ,  a l l  extremely f in e -g ra in e d .
Farther from the con tac t  o f  the d i o r i t e  i s  a zone o f  less severe 
a l t e r a t i o n .  Most o f  the vo lcan ic  breccias and volcanogenic sediments 
here are green ish-grey in  c o lo r  in  c o n t ra s t  to  the more common 
reddish and p u rp l is h  greys o f  the unal tered v o lc a n ic la s t i c  rocks. 
Breccia fragments and sedimentary s t ruc tu re s  are d i s t i n c t  even in 
handspecimen. In t h in  se c t io n ,  however, the a l t e r a t i o n  i s  qu i te  
apparent. C h lo r i t e ,  ep ido te ,  and carbonate are very abundant, com­
p l e t e l y  rep lac ing  the primary mafic phenocrysts. Carbonate,
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ep idote and c lay  minerals  p a r t i a l l y  replace the p lag ioc lase .  Most 
o f  the d ike rocks c u t t in g  the vo lcan ics  around the in t r u s iv e  body 
are l i ke w ise  s t ro n g ly  a l te re d ,  con ta in ing  abundant c h l o r i t e ,  ep idote ,  
and carbonate pseudomorphic a f t e r  the primary mafic phenocrysts.
D io r i t e  i n t r u s i v e . With in  the d i o r i t e  in t r u s iv e  i t s e l f ,  a l ­
t e r a t i o n  appears to  have been dominantly deu te r ic  in  nature. Augite 
and brown hornblende are rimmed by or  who l ly  replaced by f ine -g ra ined  
in te rgrowths o f  a c t i n o l i t e ,  c h l o r i t e  w i th  a l i t t l e  b i o t i t e ,  mag­
n e t i t e ,  a p a t i t e ,  and carbonate, P lagioc lase la ths  are in many cases 
p a tc h i l y  a l te re d  to  z o i s i t e ,  carbonate and c lay  minera ls .  The a l ­
t e r a t i o n  is  somewhat s t ronger in  the marginal p o rp h y r i t i c  phase o f  
the in t r u s i v e  body than i t  is  in  the equ igranu lar  p h a n e r i t i c  phase.
In the p o r p h y r i t i c  phase, the p lag ioc lase  is  s t ron g ly  a l te red  and the 
mafic minerals are commonly complete ly  replaced by the a l t e r a t i o n  
products described above.
S truc tu re
The rocks o f  the Sylvan Pass area are cu t  by numerous f a u l t s  
(Figures 4a, 4b) ,  which appear to  be v e r t i c a l  o r  near ly  v e r t i c a l  
wherever t h e i r  a t t i t u d e  is  d is c e rn ib le .  Three northwest- t rend ing  
f a u l t s  cu t  the western p o r t ion  o f  Elk Ridge; they have o r ie n ta t io n s  
o f  N40°W, N25°W, and N25^W. Four more f a u l t s  cu t  the eastern po r t ion  
o f  Elk Ridge; these have o r ie n ta t io n s  o f  N40°E, N5^E, N15^ -  20^W, 
and N40^E. In a d d i t io n  there appears to be a f a u l t  along the v a l le y
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which separates Elk Ridge from Avalanche Peak, and which has an 
o r ie n ta t io n  o f  N45°E. Displacements along several o f  these fa u l t s  
are demonstrably v e r t i c a l .  In formation a va i la b le  on the others is  
compatib le w i th  v e r t i c a l  displacement.
The f a u l t s  f a l l  in to  two general ca tegor ies :  those which were
approximately  contemporaneous w i th  the Eocene in t r u s iv e  and volcanic  
a c t i v i t y ,  and those which occurred somewhat l a t e r .  The fou r  f a u l t s  
which cut  the eastern p o r t ion  o f  Elk Ridge f a l l  in to  the f i r s t  
category. Of these, the o lde s t  is  the N40^W f a u l t  which o f fs e ts  the 
layered vo lcan ic  rocks by 50 to 75 meters, and is  in  turn  cut  by 
l a t e r  f a u l t s  and d ikes .  The N5°E f a u l t  occurred next d isp lac ing  
vo lcan ic  layers by on ly  a few meters, east s ide up. The N40^E f a u l t  
cuts the previous two and d isp laces vo lcan ic  layers by about 25 meters, 
east side up. A d iscont inuous dac i te  d ike has in truded along th is  
f a u l t ,  and two N80°E dikes o f  hornblende andésite cu t  across i t .
F in a l l y ,  the N15° - 20^W f a u l t  cuts across both the N40°W and the 
N40°E f a u l t s .  I t  v e r t i c a l l y  o f f s e ts  the vo lcan ic  layers by about 
50 meters, west s ide up, and a 15-meter-wide b io t i t e - a n d e s i te dike 
has been emplaced along i t .  This area o f  complexly in te r re la te d  
f a u l t s  and dikes is  thought to demonstrate roughly contemporaneous 
f a u l t i n g  and vo lcan ic  a c t i v i t y  dur ing the b u i ld in g  o f  the vo lcan ic  p i l e .
The three nor thwest- t rend ing  f a u l t s  which cu t  the western po r t ion  
o f  Elk Ridge are thought to  post-da te  the major per iod o f  Eocene vo lcan ic
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a c t i v i t y  in  the area. They cu t  across a l l  Eocene vo lcan ic  and 
in t r u s i v e  rocks and are nowhere observed to  be cu t  by l a t e r  f a u l t s  
or  d ikes .  V e r t ic a l  displacement o f  vo lcan ic  layers along the eastern­
most o f  these three f a u l t s  is  estimated to  be about 50 meters, east 
s ide up. The middle f a u l t  t runcates the d i o r i t e  body and o f fs e ts  rocks 
on e i t h e r  side by a t  le a s t  200 meters, west side up. Displacement 
along the westernmost o f  the three f a u l t s  is  not known. I t  is  possib le 
th a t  t h i s  set o f  l a t e r  f a u l t s  occurred during the waning stages o f  
Eocene a c t i v i t y  in  the area, or  they may be re la ted  to  some o f  the 
easternmost e f fe c ts  o f  subsidence o f  the Quaternary Yellowstone 
c a ld e ra .
Whole-Rock Chemistry 
The in t r u s i v e  rocks o f  the study area range in composit ion from 
b a s a l t i c  andésite to  d a c i te ,  w i th  the m a jo r i t y  o f  the analyses ex­
h i b i t i n g  chemical t rends t y p ic a l  o f  c a l c - a l k a l i n e  rock assoc ia t ions .  
Table 2 presents ten new whole-rock chemical analyses from the Sylvan 
Pass area: fou r  o f  the d i o r i t e  i n t r u s i v e ,  fou r  o f  the d ikes ,  one
m ono l i tho log ic  f low  b re cc ia ,  and one h e te r o l i t h o lo g ic  d e b r is - f lo w  
brecc ia .  In a d d i t io n  are p a r t i a l  analyses (SiOg, CaO, Na20, 
and KgO) f o r  fou r  more d ikes .  In formation on a n a ly t i c a l  methods 
and accuracy is  included in  the Appendix. The composit ion o f  
average c i rcum-Paci f ic  andésite (Tay lo r ,  1969) is  included in  Table 2 
f o r  comparison. Most o f  the Sylvan Pass in t r u s iv e  rocks are chemica l ly
Table 2. Chemical analyses of volcanic and in t rus ive  rocks from the Sylvan Pass Area.
Analyst: W. L. Lehmbeck, Skyline Labs., Inc . ,  Tucson, AZ.
Average andésite - average of circum-Pacif ic ca lc -a lka l ine  andésites from Taylor, 1969, p. 60.
Hornblende Andésite Debris- Taylor's
Dikes B io t i te  Andésite Flow Flow average
Dior i te_______  (Weight Percent) Dacite Dikes Breccia Breccia andésite
EPR EPR EPR EPR EPR EPR EPR EPR EPR EPR EPR EPR EPR EPR
150 104 304 287 334 398 358 244 237 168 234 233 189 328
SiOg 54.3 47.2 57.5 59.8 54.0 61.0 61.2 63.2 70.3 61.8 61.8 63.2 55.2 58.8 59.5
Al^Os 16.1 16.6 17.4 17.0 17.4 17.0 17.0 16.6 14.4 15.7 17.2
4.9 3.4 4.6 3.6 5.0 5.0 3.3 3.4 4.9 5.7
FeO 2.7 3.4 2.8 2.5 3.3 0.5 2.2 1.1 2.8 0.65 6.1
MgO 5.0 3.9 3.7 3.0 4.4 2.6 3.0 2.2 4.9 3.5 3.42
CaO 7.5 6.0 6.6 5.3 5.9 5.2 4.8 4.0 2.0 5.6 4.2 4.0 5.2 4.8 7.03
Nâ O 4.0 4.2 4.3 4.2 4.2 4.0 4.4 4.6 4.2 3.8 4.0 3.8 2.4 3.4 3.68
%20 1.9 1.6 1.8 2.2 1.6 2.0 2.2 2.0 2.4 2.0 1.9 2.0 3.5 2.3 1.60
TiOg 0.83 0.80 0.73 0.53 0.87 0.43 0.50 0.40 0.60 0.50 0.70
Total 97.23 97.1 99.43 98.13 96.67 97.73 98.6 97.5 ■ 93.95 95.35 99.23
CO
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s im i l a r  to  T a y lo r 's  average andés i te ,  al though the average CaO 
con ten t  o f  the Sylvan Pass rocks (5.1 percent) is  somewhat lower than 
th a t  o f  T a y lo r 's  andésite (7.03 pe rcen t) .  Values f o r  f e r r i c  and 
fe rrous  i ro n  are somewhat e r r a t i c  and probably r e f l e c t  va r ia t io n s  
in  near-sur face a l t e r a t i o n .
The chemical composit ions o f  the vo lcan ic  breccias f a l l  w i th in  
the range de l inea ted  by the in t r u s iv e  body and the dikes w i th  respect 
to  SiOg, MgO, and CaO, but they are anomalously high in KgO and low 
in  Na20 r e l a t i v e  to  the in t r u s iv e  rocks. These v a r ia t io n s  may be 
a t t r i b u t a b le  to  contamination associated w i th  ex trus ion  or surface 
processes, although no process o f  contamination which would increase 
^20 a t  the expense o f  Na20 is  immediately apparent. As the vo lcan ic  
breccias appear to  have been a f fec ted  by surface a l t e r a t i o n  and con­
tam in a t io n ,  they have genera l ly  been omitted from cons idera t ion in  
the v a r ia t io n  diagrams.
Figure 7 shows the v a r ia t io n  o f  MgO, CaO, Na20, TiO^, A I2O3 , and
K2O w i th  increas ing  S i02 f o r  the Sylvan Pass rocks. CaO and MgO 
show an e s s e n t ia l l y  l i n e a r  decrease w i th  increas ing SiO^, whereas 
Na20 does not change s i g n i f i c a n t l y .  K2O shows a s l i g h t  l i n e a r  increase 
w i th  increas ing  S i02 con ten t.  Figure 8 is  a combined p l o t  o f  CaO 
and o f  Na2Û + K2O versus SiO^. The value o f  S i02 a t  which these 
two trends in te r s e c t ,  the Peacock Index, has been used in the past 
to d e l ine a te  the c a lc -a l k a l i n e  assoc ia t ion  (Turner and Verhoogen,
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Figure 7 Marker diagrams showing v a r i a t io n  o f  MgO, CaO, Na20,
K2O, T i 02, ^ ^ 2^3 w i th  S i02 f o r  in t r u s iv e  rocks '
o f  the study area.
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1960, p. 78). This value f o r  the Sylvan Pass rocks is  approx i­
mately 58 percent SiOg, which f a l l s  between the l i m i t s  o f  56 and 
61 percent SiO^ which de f ine  the c a lc -a l k a l i n e  assoc ia t ion .
Jakes and White (1972) cha rac te r ize  the t y p ic a l  c a lc -a lk a l in e  
andésites as rocks con ta in ing  52 to 62 percent SiO^, 15 to 19 per­
cent AlgOg and 1 to  3 percent KgO a t  58 percent SiOg. They have 
K20/Na20 r a t i o s  o f  0.35 to  0.75, show l i t t l e  o r  no iron enrichment 
and s l i g h t  increase in t o t a l  a l k a l ie s  w i th  increas ing S i02 content.
The Sylvan Pass a n d e s i t ic  rocks e x h ib i t  a l l  these chemical charac­
t e r i s t i c s .  They conta in  54.0 to  61.2 percent SiOg, 16.1 to  17.0 
percent A I2O3 , and approximately  1.8 percent K2O a t  58 percent SiO^. 
They have K2Û/Na20 r a t io s  o f  0.38 to  0.57, and they show a s l i g h t  
increase in  t o t a l  a l k a l ie s  w i th  increas ing S i02 (Figure 8 ).
Figure 9 shows an A-F-M diagram showing the lack o f  i ron  enrichment 
in  the Sylvan Pass rocks. This t rend is  t y p ic a l  o f  the ca lc -  
a l k a l i n e  asso c ia t io n ,  as can be seen by comparison w i th  the super­
imposed iron-enr ichment trends f o r  is land  arc shoshon i t ic ,  t h o l e i i t i c ,  
and c a l c - a l k a l i n e  assoc ia t ions  (Jakes and White, 1972; Kuno, 1969).
The Sylvan Pass rocks p l o t  along chemical trends s im i la r  to  
those o f  many other rocks o f  the Absaroka-Gall a t i n  vo lcan ic  province. 
Figure 10 is  a p lo t  o f  K2O versus SiÛ2 f o r  rocks from the fo l lo w in g  
areas: Sylvan Pass ( th is  r e p o r t ) ;  dac i tes  from Birch H i l l s ,  Washakie
Needles and Bunsen Peak, (Love, 1972, 1976); the S t r a t i f i e d  P r im i t i v e
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Figure 8. V a r ia t io n  diagram f o r  CaO and (Na20 + KgO) versus 
SiÛ2 f o r  i n t r u s iv e  rocks o f  the Sylvan Pass area.
The Peacock Index, the value o f  Si02 a t  which the 
two trends in te r s e c t ,  is  58, which f a l l s  between the 
boundaries o f  56 and 61 percent Si02 which de f ine  
the c a l c - a l k a l i n e  asso c ia t ion .
/ t h o l e i i t i c
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MF  =  FeO  f  0.9 Fe^O.
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Figure 9 A - F - M  p lo t  o f  rocks o f  the study area w i th  superimposed 
f i e l d s  f o r  t h o l e i i t i c ,  c a l c - a l k a l i n e  and shoshoni t ic  
assoc ia t ions  from is land  arcs (Jakes and White, 1972).
The c a l c - a l k a l i c  f i e l d  overlaps the shoshoni t ic  f i e l d .
6 .0 -
5.0
À
4.0 ▲
3.0 -
0
▲
n  2.0 •
■
K.
k •  /
1.0
□
# e
/
/
/
%
y I%
/
/
A
# Sunlight Area (Parsons, 1939).
a  Wapiti Formation and Trout Peak
Trachyandesite (Nelson and Pierce, 1968)
A  Absarokite, banakite, and shoshonite 
from various locations in the Southern 
Absaroka Range (Hague, and others, 
1899).
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Figure 10. Plot o f  K2O versus SiÜ2 fo r  volcanic and in trus ive rocks of the Absaroka- 
Galla t i n  volcanic province from the indicated lo c a l i t ie s .
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Area, (Ketner and o th e rs ,  1966); Emigrant Peak and the northern 
G a l l a t in  Range (Chadwick, 1968); E le c t r i c  Peak and Sepulchre 
Mountain (Hague and o th e rs ,  1899); the Wapiti Formation and Trout 
Peak Trachyandesite (Nelson and P ie rce,  1968); the Sun l igh t  area 
(Parsons, 1939); and several absarok i tes ,  shoshonites, and banakites 
from various l o c a l i t i e s  throughout the southern Absaroka Range 
(Hague and o th e rs ,  1899).
The rocks appear to  be d i v i s i b l e  in to  two groups on the v a r ia t io n  
diagram. F i r s t ,  a roughly l i n e a r  t y p ic a l  c a l c -a l k a l i n e  trend is  
def ined by the rocks o f  Sylvan Pass, Birch H i l l s ,  Bunsen Peak,
Washakie Needles, S t r a t i f i e d  P r im i t i v e  Area, E le c t r i c  Peak, Sepulchre 
Mountain, and the northern G a l la t in  Range. Secondly, a more d i f fu s e  
group o f  rocks w i th  h igher KgO f o r  a given S i02 value is  formed by 
the rocks o f  the S u n l igh t  area, the Trout Peak Trachyandesite, Wapiti 
Formation, and the absarok i tes ,  shoshonites, and banakites.
Rocks along the normal c a l c - a l k a l i n e  trend are those which form 
the main no r thw es t - t rend ing  backbone o f  the Absaroka-Gal la t in  vo lcan ic  
province (Figure 1). I t  i s  a lso noteworthy th a t  these rocks are 
almost e x c lu s iv e ly  from on ly  two o f  the groups o f  the Absaroka Volcanic 
Supergroup: the Washburn Group and the Thoroughfare Creek Group.
Most o f  the high K2O rocks are r e s t r i c t e d  in occurrence to  the 
S un l igh t  area j u s t  northeast  o f  the Sylvan Pass vo lcan ic  cen te r ,  
where they form a small chemica l ly  d i s t i n c t  subprovince o f  the
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Figure 11
=  FeO -f- 
—  N q J ^  ^  
=  MgO
A -  F - M diagram f o r  vo lcan ic  and in t r u s iv e  rocks o f  the 
Absaroka-Gal la t in  vo lcan ic  province w i th  superimposed f i e l d s  
f o r  the t h o l e i i t i c ,  c a l c - a l k a l i c ,  and shoshon i t ic  assoc ia t ions  
from is land  arcs (Jakes and White, 1972). Symbols and 
l o c a l i t i e s  are the same as f o r  F igure 10.
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Absaroka-Ga l la t in  vo lcan ic  province. Most o f  these rocks are 
associa ted w i th  the Sun l igh t  Group o f  the Absaroka Volcanic 
Supergroup.
Figure 11 is  an A-F-M p lo t  o f  the same rocks p lo t te d  in Figure 10 
Here there  appears to  be no c le a r  d i s t i n c t i o n  between the two 
groups d is t in g u ish e d  in  the previous f ig u re .  A l l  rocks p lo t  along 
the normal c a lc - a l k a l i n e  t rend o f  no strong i ron-enr ichment.  In 
t h i s  respect the high-potassium rocks o f  the Absaroka Supergroup 
d i f f e r  from the shoshon i t ic  assoc ia t ion  common to  a c t ive  orogenic 
b e l t s  which show a lesser  degree o f  iron-enr ichment (Figure 9).
CHAPTER I I I  
INTERPRETATIONS
The Study Area as a Part  o f  the Sylvan Pass Volcanic Center
Figure 12 is  a hypo the t ica l  c ross-sect ion  o f  a reconstructed 
" t y p i c a l "  Absaroka vo lcan ic  cen te r ,  as in te rp re te d  from 
d e s c r ip t io n s  by o ther  workers in the Absaroka-Gal lat in  volcanic  
p rov ince ,  (Smedes and Prostka, 1972; Rubel, 1971; Krushensky, 1962, 
1964; Parsons, 1939; Rouse, 1937, 1940; Schul tz ,  1968; Chadwick, 
1966). The vo lcan ic  center  may be d iv ided in to  three concentr ic  
zones extending outward from the vo lcan ic  cone: ven t - fac ies  zone, 
i n t e r f i n g e r i n g  vent-  and a l l u v i a l - f a c i e s  zone, and a l l u v i a l - f a c i e s  
zone.
The ven t - fa c ie s  zone is  character ized by a predominance o f  
a n d e s i t ic  f low  and f low -b re cc ia  mater ia l  w i th  subordinate i n t e r ­
f in g e r in g  coarse-grained d e b r is - f lo w  m a te r ia l .  These rocks may 
e x h ib i t  quaquaversal dips away from the vo lcan ic  vent.
Farther from the cone is  a zone o f  i n t e r f i n g e r i n g  vent and 
a l l u v i a l  m a te r ia l .  Here the amount and th ickness o f  the andésite 
f lows and f low  breccias decreases, w i th  a corresponding increase in 
the d e b r is - f lo w  m a te r ia l .  The d e b r is - f lo w  layers  c h a r a c t e r i s t i c a l l y  
conta in  fragments o f  p e t r i f i e d  charred wood, in d ic a t in g  depos i t ion  
by hot vo lcan ic  mudflows or lahars .  Thin layers  o f  coarse
45
ALLUVIAL FACIES
INTERFINGERING VENT 
AND ALLUVIAL FACIES VENT FACIES
w
STUDY
VOLCANIC VENT
KILOMETERS
Fine a l lu v ia l Coarse a l lu v ia l In te r f inger ing  andésite
m a te r ia l . m a te r ia l . f lows, f low breccias,
Standing Fossil wood debris flows and coarse
fo ss i l  trees fragments sediments.
Fossil charred wood
fragments
Andésite flows and flow breccias 
Minor debris flows and coarse 
sediments.
No wood
Figure 12. Hypothetical cross section of a typ ica l Absaroka volcanic center. 
Inferred locat ion o f  the study area is indicated. -p̂CT>
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volcanogenic sediments are c h a r a c t e r i s t i c a l l y  interbedded w i th  the 
debr is  f lows.  I n t e r f in g e r in g  among the lava f low s ,  debr is  f lows and 
sediments is  common. Primary dips o f  the layers f l a t t e n  away from 
the vo lcan ic  cone and are more s t ro n g ly  in f luenced by va r ia t io ns  
in  lo ca l  topography.
Farther from the vo lcan ic  cone is  a broad zone o f  a l l u v i a l  
fa c ie s  m a te r ia l .  Here well-bedded a l l u v i a l  deposits o f  volcanogenic 
sediments become dominant. These range from coarse conglomerates 
and sandstones con ta in ing  abundant uncharred p e t r i f i e d  wood to the 
more d i s t a l  fac ie s  o f  f i n e  s i l t s  and muds which may have engulfed 
standing t rees to  form " f o s s i l  f o r e s ts " .
Comparison o f  t h i s  hypo the t ica l  c ross-sec t ion  w i th  the geologic 
c ross -sec t ion  o f  the Sylvan Pass area in Figure 4b ind ica tes  th a t  the 
study area was probably located on the west f la n k  o f  an Eocene vo lcan ic  
center  in the zone o f  in te r f i n g e r i n g  vent and a l l u v i a l  fac ies  m a te r ia l ,  
as ind ica ted  in Figure 12. The main vent th a t  was the source o f  t h i s  
vo lcan ic  mater ia l  probably lay  to the east o r  s l i g h t l y  south o f  east 
o f  the study area.
The lo ca t io n  o f  the study area r e l a t i v e  to  the vo lcan ic  vent 
is  in fe r re d  from several l in e s  o f  evidence. F i r s t  o f  a l l ,  the 
decreasing th ickness o f  the basal sequence toward the west,  coupled 
w i th  the corresponding increase in th ickness o f  the d e b r is - f lo w  
sequence to  the west po in ts  toward an eastern source f o r  the m a te r ia l .
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The same conclusion is  ind ica ted  by the increase in volcanic  sediments 
toward the west, and by the change from p e t r i f i e d  charred wood 
fragments in the debr is  f lows on Elk Ridge to  the abundant uncharred 
wood in the sediments west o f  the study area. Evidence from the dips 
o f  the layers  is  inconc lus ive .  Most layers are near ly  h o r iz o n ta l ,  
w i th  a few d ipp ing  to  the northwest and to  the no r theas t ;  no 
reg iona l  pa t te rn  th a t  could be construed as quaquaversal dips was 
observed in  the study area, although such a scheme might e x i s t  on 
a la rg e r  scale.  Some o f  the dips may be the r e s u l t  o f  drag adjacent 
to  f a u l t s ,  or  o f  t i l t i n g  o f  the blocks by f a u l t i n g .  I t  i s  a lso possib le 
th a t  loca l  topography a t  the t ime o f  depos i t ion  c o n t ro l le d  the dips 
o f  some o f  the laye rs .
Overall  change in  l i t h o l o g y  and th ickness o f  the vo lcan ic  un i ts  
is  the most compel l ing l i n e  o f  evidence f o r  the presence o f  a major 
vo lcan ic  vent s i tua ted  east o f  the study area. I t  was probably less 
than one k i lom e te r  to  no more than three k i lometers  d i s ta n t ,  
in fe r re d  from the areal ex ten t  o f  l i t h o l o g ie s  surrounding s im i la r  
complexes elsewhere.
In fe r red  Volcanic  H is to ry  o f  the Study Area
During e a r ly  Middle Eocene t ime,  the basal sequence o f  horn- 
b lende-aug i te andésite f lows was extruded in  the v i c i n i t y  o f  what 
is  now Avalanche Peak and Elk Ridge from a source vent to  the east .
As the f lows were extruded, a lready s o l i d i f i e d  c ru s t  and margins o f
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the f low  were o f ten  incorporated in to  the moving lava,  forming 
b recc ia ted  tops and bottoms o f  the f low s ,  or in many cases forming 
e n t i r e  f lows o f  m ono l i tho log ic  brecc ia .  At approximately the same 
t im e ,  m u l t i  l i t h o l o g i e  vo lcan ic  debr is  was shed from the accumulating 
vo lcan ic  p i l e  as lahars and debr is  avalanches. These formed west­
ward- th icken ing  d e b r is - f lo w  deposits which in te r f in g e re d  w i th  the 
basal sequence on Elk Ridge. These sequences continued to accumulate 
to a th ickness o f  over 350 meters in  the study area, although the 
t o t a l  th ickness may be much g re a te r ,  as the base o f  the sequence is  
not exposed. The ex t rus ion  o f  t h in  mafic hypersthene andésite f lows 
o cca s io na l ly  broke the monotony o f  the basal sequence accumulation.
Ex t rus ive  vo lcan ic  a c t i v i t y  then appears to  have waned f o r  a 
t ime wh i le  d e b r i s - f lo w  mater ia l  encroached upon and even tua l ly  bur ied 
the basal sequence to a depth o f  50 to  100 meters. In the periods 
between successive vo lcan ic  mudflows and debr is  avalanches, normal 
sedimentary processes produced volcanogenic conglomerates and sand­
stones which mantled the d e b r is - f lo w  brecc ias.  Meanwhile, a broad 
sedimentary apron was shed o f f  the accumulat ing vo lcan ic  cen te r .
Ex trus ive  a c t i v i t y  from the vent to  the east was subsequently 
rev ived ,  and the study area was engulfed by hornblende-andesite 
f lows and f low  brecc ias.  Over 200 meters o f  t h i s  upper sequence 
accumulated on Avalanche Peak, th in n in g  somewhat to  the west where 
i t  in te r f in g e re d  w i th  debr is  f lows and sediments. High-angle f a u l t i n g
50
occurred f r e q u e n t ly ,  probably in  response to  the f i l l i n g  and 
emptying o f  magma re se rvo i rs  and to the accumulating weight o f  the 
vo lcan ic  p i l e .
Many o f  the dikes which cut  the layered volcanic  rocks now ex­
posed in  the study area were probably feeders to  s t r a t i g r a p h i c a l l y  
h igher  lava f lows which have since been removed by eros ion.  Judging 
from the composit ion o f  the dikes which fed the f low s ,  there was 
continued accumulat ion o f  hornblende-andesite f lows followed by a 
l a t e r  per iod o f  ex t rus ion  o f  b io t i t e - a n d e s i te  f lows f o r  which the 
feeders were the la te  b io t i t e - a n d e s i te  dikes in the area.
At some time fo l lo w in g  the depos i t ion  o f  the la te s t  layered 
vo lcan ic  and v o l c a n i d a s t i c  rocks now seen in the study area, a 
brecc ia  pipe was emplaced on Elk Ridge. I t  probably o r ig ina te d  deep 
w i th in  the vo lcan ic  system, below the contact  o f  the vo lcan ic  rocks 
w i th  the under ly ing Precambrian basement rocks. The breccia pipe 
may have o r ig in a te d  when a deep f r a c tu re  in te rcep ted a pocket o f  
h ig h ly  pressur ized vapor. The vapor streamed upward through the 
f r a c tu re  w i th  a v e lo c i t y  s u f f i c i e n t  not on ly  to  suspend the rock 
fragments picked up from the f ra c tu re  w a l ls ,  but a lso to t ra n sp o r t  
them v e r t i c a l l y  f o r  a d is tance o f  a t  le a s t  several hundred meters 
to  t h e i r  present s t r a t ig ra p h ie  leve l  ( c f :  Reynolds, 1954). The 
f l u i d i z e d  stream o f  gas, comminuted p a r t i c l e s ,  and la rg e r  fragments 
plucked a d d i t io n a l  fragments o f  the country  rock from the w a l ls  o f
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the f r a c tu re  a l l  the way to the surface.  As the streaming subsided, 
the pipe f i l l e d  w i th  the fa l lb a c k  m a te r ia l :  a m u l t i l i t h o l o g i c  m at r ix -
supported brecc ia  con ta in ing  fragments o f  var ious Precambrian meta- 
morphic rocks as wel l  as Eocene volcanics in a comminuted matr ix  
o f  f i n e r  fragmental m a te r ia l .  The pipe is  evidence th a t  a t  leas t  
pa r t  o f  the country  rock under ly ing the Eocene vo lcan ic  p i l e  in t h i s  
area cons is ts  o f  Precambrian metamorphic t e r r a in .  S im i la r  breccia 
pipes have been described in the Eocene volcanics o f  the New World 
d i s t r i c t  near Cooke C i t y ,  Montana (Eyr ich ,  1971).
Also la te  in  the Eocene vo lcan ic  h i s to r y  o f  the study area, a 
body o f  d i o r i t e  magma in truded the debr is  f lows and volcanogenic 
sediments o f  the western pa r t  o f  Elk Ridge. I t  hornfe lsed the rocks 
immediately ad jacent to  i t s  con tac ts ,  probably d r i v in g  o f f  the water 
t h e re in ,  which in turn  hydrothermal 1y a l te red  the rocks in  a broad 
zone surrounding the hornfe lsed zone. Later  nor thwest- t rend ing 
f a u l t s  o f f s e t  a l l  the Eocene vo lcan ic  and in t r u s iv e  rocks in  the area 
by as much as 150 meters.
Subsequent erosion dur ing the la te  Cenozoic Era g re a t ly  lowered 
the Eocene vo lcan ic  p i l e  and shaped the major aspects o f  the present 
topography before the e rup t ion  o f  the Quarternary Yellowstone vo lcan ic  
rocks. At th a t  t ime,  the Lava Creek T u f f  ( r h y o l i t i c  welded ash f lows)  
was erupted,  f i l l i n g  in to p o g ra p h ica l ly  low areas and lapping onto 
the Eocene vo lcan ic  rocks in the study area. Subsequent g la c ia l
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a c t i v i t y  f u r t h e r  eroded the area and l e f t  morainal deposits along 
v a l le y  f lo o r s  and margins. Recent a l l u v i a l  processes have covered 
much o f  the area w i th  a veneer o f  unconsolidated a l luv ium and ta lu s .
P e tro log ic  Evo lut ion
Chemical and m inera log ica l  v a r ia t io n  in  the su i te  o f  vo lcanic  
i n t r u s i v e  rocks o f  the Sylvan Pass area favors a possib le  o r ig in  
o f  the rocks by the progressive d i f f e r e n t i a t i o n  o f  an ande s i t ic  magma 
chamber. F ie ld  re la t io n s  and petrography in d ica te  th a t  the overa l l  
m inera log ica l  composit ion o f  the erupted rocks changed w i th  t ime.
This change is  documented by the occurrence o f  the fo l lo w in g  sequence:
1. Ear ly  f lows o f  dominantly aug i te -andes i te  w i th  
several more mafic f lows o f  hypersthene andésite 
(basal sequence).
2. Later  f lows o f  dominantly hornblende-andesite w i th  
minor aug i te -andes i te  (upper sequence).
3. Abundant c ro s s c u t t in g  dikes (feeders to s t r a t ig ra p h ­
i c a l l y  h igher f low s)  o f  hornblende andésite.
4. La ter  dikes o f  b io t i te -h o rn b le n d e  andésite.
5. A s ing le  occurrence o f  a l a t e r  da c i te  d ike conta in ing 
both b i o t i t e  and hornblende.
Chemically,  the in t r u s i v e  rocks o f  the area e x h ib i t  r e l a t i v e l y  
smooth l i n e a r  trends on chemical v a r ia t io n  diagrams as descr ibed above
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(Figure 7).  This a lso supports a poss ib le  comagmatic o r i g i n  f o r  the 
s u i te .  The d i o r i t e  i n t r u s i v e ,  although more mafic than most o f  the 
d ike  rocks ,  l i e s  along the same l i n e a r  t rends ,  and i s  probably 
comagmatic w i th  the re s t  o f  the s u i te .  I t  appears to  have been em­
placed l a t e r  than some o f  the more f e l s i c  rocks o f  the sequence, and 
may represent a l a t e r  i n f l u x  o f  the a n d e s i t ic  "parent"  magma. These 
var ious chemical and m inera log ica l  trends imply t h a t  the vo lcan ic  
and in t r u s iv e  rocks o f  the Sylvan Pass area are probably cogenet ic ,  
r e s u l t i n g  from successive tapping o f  a s in g le  parent magma a t  var ious 
stages in i t s  magmatic d i f f e r e n t i a t i o n .
Regional Re la t ionsh ips 
The vo lcan ic  rocks o f  the Sylvan Pass area are chemica l ly  s im i la r  
to  those rocks along the main t rend o f  the Absaroka Range associated 
w i th  the Washburn and Thoroughfare Creek Groups. These rocks e x h ib i t  
chemical v a r ia t io n  t y p ic a l  o f  the c a lc - a l k a l i n e  assoc ia t ion  which is  
c h a r a c t e r i s t i c a l l y  associated w i th  is land  arcs and a c t iv e  con t inen ta l  
margins. The occurrence o f  t h i s  assoc ia t ion  so f a r  from contem­
poraneous p la te  margin a c t i v i t y  is  puzz l ing  a t  best.  The p o s s i b i l i t y  
e x is ts  t h a t  the Absaroka vo lcan ic  f i e l d  d id  form over an " im br ica te  
subduction zone" as postu la ted by Lipman and others (1972), although 
l i t t l e  evidence has been brought forward in support o f  t h i s  hypothesis. 
Elsewhere in  the western s ta te s .  Eocene a n d e s i t ic  volcanism has 
heralded the onset o f  Basin and Range te c to n ic  a c t i v i t y  (Armstrong, 
1970; McKee and Silberman, 1970). I t  is  poss ib le  th a t  the
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Absaroka vo lcan ic  f i e l d  represents a v o lu m e t r i c a l l y  la rg e r  vers ion 
o f  t h i s  e a r ly  Basin and Range volcanism. Perhaps comparison o f  the 
Absaroka vo lcan ic  rocks w i th  rocks o f  s im i la r  age and composit ion 
o f  the Clarno Formation in  Oregon and the C h a l l is  vo lcan ic  f i e l d  o f  
Idaho w i l l  shed some l i g h t  on t h e i r  o r ig in s  and re la t io n s h ip s  to  
reg iona l  te c to n ics  o f  the northwestern United States ( c f :  Chadwick, 
1977; Jones and Buffa ,  1977; Prostka, and o the rs ,  1977; Siems and 
Jones, 1977; T ay lo r ,  1977).
CHAPTER IV 
SUMMARY AND CONCLUSIONS
The rocks in  the study area west o f  Sylvan Pass in Yellowstone 
National Park co n s is t  o f  a 550-meter t h ic k  sequence o f  hornblende- 
and pyroxene-andesite  f lows and f low  breccias and d e r i v a t i v e  v o lc a n i -  
c l a s t i c  rocks in truded by hornblende-andesite dikes and by a small 
d i o r i t i c  s tock. F ie ld  r e la t io n s  and o v e ra l l  l a t e r a l  l i t h o l o g i e  
v a r ia t io n s  in d ic a te  th a t  the source vent f o r  these m a te r ia ls  lay  
to  the eas t ,  perhaps 0.5 to  2 k i lom e te rs .
M inera log ica l  and chemical v a r ia t io n s  upward through the se­
quence suggest t h a t  the vo lcan ic  and i n t r u s i v e  rocks o f  the study area 
are a l l  comagmatic. They were probably der ived from successive 
tapping o f  a d i f f e r e n t i a t i n g  a n d e s i t ic  parent magma.
The rocks o f  the Sylvan Pass area are chemica l ly  and minera log- 
i c a l l y  s im i la r  to o ther  in t r u s iv e  and vo lcan ic  rocks associated w i th  
the Washburn Group and the Thoroughfare Creek Group o f  the Absaroka 
Volcanic  Supergroup, a l l  o f  which e x h ib i t  normal c a l c -a l k a l i n e  
a f f i n i t i e s .  These rocks d i f f e r ,  however, from those associated w i th  
the S un l igh t  Group, which genera l ly  have h igher KgO content.  Rocks 
o f  a l l  three groups fo l lo w  near ly  id e n t i c a l  iron-enr ichment t rends.
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APPENDIX
Whole-rock chemical analyses were performed by Sky l ine  Labs, I n c . ,  
Tucson, A r izona,  using the fo l lo w in g  a n a ly t i c a l  methods:
(1) SiOg was determined g ra v im e t r i c a l l y  w i th in  a rep roduc i ­
b i l i t y  o f  plus o r  minus 0.5 percent o f  the amount present.
(2) AlgO^) MgO, CaO, Na2Û and K2O were determined by atomic 
absorpt ion spectrophotometry w i th  a r e p r o d u c i b i l i t y  o f  plus o r  minus 
less than 5 percent o f  the amount present.
(3) FepOg and FeO were determined v o lu m e t r i c a l l y  w i th  a 
r e p r o d u c ib i l i t y  o f  less than plus o r  minus 5 percent o f  the amount 
present.
(4) TiOg was determined c o l o r i m e t r i c a l l y , again w i th  a 
r e p r o d u c i b i l i t y  o f  plus or  minus 5 percent.
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